We present the results of a search for companions around the isolated galaxies from the 2MIG catalog. Among 3227 2MIG galaxies we detected 125 objects with a total of 214 neighbors having radial velocity differences of ∆V < 500 km/s and projected separations of R p < 500 kpc relative to the 2MIG galaxies. The median luminosity of the companions is 1/25 of the luminosity of catalog galaxies, which has little effect on the dynamic isolation of the latter. The median ratio of the orbital mass to the K-luminosity determined from 60 companions of E and S0 2MIG galaxies, 63M ⊙ /L ⊙ , is signficantly greater than that found from the spiral galaxy companions (17M ⊙ /L ⊙ ). We note that a fraction of 2MIG galaxies with companions may be a part of low-contrast diffuse structures: clouds and filaments.
INTRODUCTION
Measurements of radial velocities and projected separations of dwarf galaxies, located in the vicinity of normal isolated galaxies have been used by many authors to determine the masses of central galaxies and dark matter density profile around them. Zaritsky et al. [1] and Herbert-Fort [2] measured radial velocities and distances of 69 and 78 companions around the isolated Sb-Sc spirals, respectively, and estimated the typical masses of dark haloes up to the galactocentric distance of about 250 kpc. The capabilities of this approach have considerably expanded with the publication of the Sloan Sky Survey, SDSS [3] and other spectral surveys of broad areas of the sky: 2dFGRS [4] and 2MRS [5] . The kinematic features of the companions depending on the luminosity and morphology of central galaxies, as well as their redshifts z were studied in [6] [7] [8] [9] [10] . These authors used different ways of identifying both the isolated galaxies and their companions. According to [6] , the dispersion of radial velocities of the companions decreases approximately from 120 km/s at the projected separation of about 20 kpc to around 60 km/s at the distance of approximately 350 kpc, and increases with luminosity of the central galaxy as σ v ∝ L 0.3 , while the orbital mass-to-luminosity ratio increases as M orb /L ∝ L 0.5 . Norberg et al. [9] noted that the dispersion of radial velocities of the companions does not essentially depend on the projected separation, and the orbital mass-to-blue (B-band) luminosity ratio is about ∼ 36M ⊙ /L ⊙ and ∼ 180M ⊙ /L ⊙ in spiral and elliptical galaxies, respectively. Investigating the surface density of a number of companions in the SDSS survey, Chen et al. [7] demonstrated that it 1.7 ± 0.1 decreases with projected separation R p as R p independently of the luminosity of central galaxy or the luminosity of companions. Similarly, the observational data on the companions were used to study the characteristics of "fossil" groups, where the central galaxy has an order higher luminosity than that of its faint companions [11] [12] [13] .
It should be noted that there is a significant discrepancy between the results and conclusions of different authors. Its nature mainly lays in the requirements applied to the degree of isolation of studied 1 galaxies, which affects the relative number of optical (background) "companions" and, henceforth, the linear dimensions of the subsystem of physical companions and the radial velocity dispersion in it.
Compiling the 2MIG catalog of isolated galaxies [14] , we paid attention to the cases where a wellisolated galaxy had small companions with radial velocities close to it. In this paper, we set ourselves to organize and analyze the data on such systems.
ISOLATED GALAXIES OF THE 2MIG CATALOG
The first catalog of isolated galaxies of the northern sky (KIG) [15] included 1050 galaxies brighter than m ph = 15.5 m , around which the neighboring "significant" galaxies with angular diameters of a i in the range of a 1 /4 < a i < 4a 1 satisfied the condition x i /a i > 20. Here a 1 means the standard angular diameter of the potentially isolated galaxy and x i is the angular (projected) distance of its neighbor "i". The research has shown [16] that this simple criterion proved to be quite effective for the selection of dynamically isolated galaxies. With the advent of a photometrically homogeneous IR survey of the entire sky, the Two Micron All-Sky Survey (2MASS), [17] , and a catalog of extended IR sources, 2MASS XSC [18] , a similar approach was used to compile the 2MIG (2MASS Isolated Galaxies) [14] Catalog. The catalog includes galaxies with apparent K s -magnitudes in the range of 4.0 ≤ K s ≤ 12.0 m and infrared angular diameters a K ≥ 30 ′′ , in cases when all their significant neighbors with angular diameters a i and angular distances x i satisfy the condition x i /a i > 30. A more stringent constraint on the dimensionless distances x i /a i is conditioned by the fact that the IR diameter of a galaxy is on the average one and a half times smaller than its standard diameter. Since the 2MASS survey is not very sensitive to the blue galaxies of low surface brightness, during the selection of isolated galaxies we made an additional visual inspection of the neighborhood in the optical DSS survey images, and used the original criterion [15] to the neighboring "significant" galaxies. We also checked the radial velocities of significant neighbors, visible in the DSS survey, excluding the galaxy candidates with radial velocities close to their neighbor's velocity ( | ∆V |< 500 km/s).
As a result of such a multistage selection process, we compiled the 2MIG catalog of isolated galaxies, which includes 3227 objects. The effective depth of the catalog, about 6500 km/s, is about the same as that of the KIG. The main population of the 2MIG catalog is composed of spiral galaxies (80%), about 19% accounts for E and S0 objects, while the fraction of irregular and BCD galaxies does not exceed 1%.
Various optical and hydrogen characteristics of the sample of 2MIG galaxies were considered in [19] . According to the authors [19] , the completeness of the catalog is about 80% up to the limiting apparent magnitude of K s = 11.5. The isolation criterion selects into the 2MIG catalog 6.2% of the total number of 51572 galaxies with apparent magnitudes of K s < 12.0 m , and angular diameters of a K > 30 ′′ . Currently, more than 70% of 2MIG galaxies have measured radial velocities. The comments to the catalog note the cases (N ∼ 140 when near a given isolated galaxy, fulfilling the isolation criterion, there were insignificant neighbors with radial velocity difference of | ∆V |< 500 km/s with respect to the given galaxy. Such cases were examined more thoroughly, and the results of these examinations are presented below.
A SEARCH FOR FAINT COMPANIONS AROUND 2MIG GALAXIES
The ongoing massive sky surveys and radial velocity measurements in ever more fainter galaxies lead to the discovery of dwarf companions of galaxies, which seemed to be absolutely isolated. In most cases, the galaxies remain to be dynamically isolated, since the presence of new small physical companions does not violate the adopted isolation conditions. An example of this situation is a well-isolated BCD galaxy NGC 1156 = KIG 121 = 2MIG 360, having apparent magnitudes of B = 12.32 m , K s = 9.54 m and the Figure 1 : The distribution of 125 2MIG galaxies with companions in the sky in equatorial coordinates. The solid circles represent the E and S0 galaxies, while triangles-the spiral galaxies.
heliocentric radial velocity of V h = 376 km/s. Within the HI survey AGES, carried out with the Arecibo radiotelescope, a dwarf galaxy AGES J030039+254656 was discovered [20] with an apparent magnitude of B = 18.1 m and radial velocity of V h = 308 km/s, located at an angular distance of 35 ′ (80 kpc) from NGC 1156. There is every reason to call this dwarf galaxy a physical companion of NGC 1156, the presence of which, however, does not distort the dynamic autonomy of this bright galaxy.
The emergence of new data on radial velocities of galaxies allows making an a posteriori estimate of the eficiency of the isolation criterion used. Viewing the vicinities of 2MIG galaxies, we selected among their neighbors the galaxies with radial velocity difference of | ∆V |< 500 km/s and projected separation of R p < 500 kpc relative to the principal (2MIG) galaxy without restrictions on magnitude difference between the main galaxy and its companion.
As a result of our examination using the NED database (http://nedwww.ipac.caltech.edu), we identificated 125 2MIG galaxies with companions, the total number of which amounted to N = 214. The data on 339 these galaxies are presented in the Table. Its columns contain: (1) the number of a given galaxy in the 2MIG catalog and the presence of its companion/neighbors (in the following lines); (2) equatorial coordinates of galaxies at the epoch 2000.0; (3) morphological type of the galaxy in the de Vaucouleurs scale; (4) radial velocities in km/s with respect to the centroid of the Local Group (LG); (5) radial velocity measurement errors in km/s; (6) apparent B-magnitudes, taken from the NED or estimated by eye at the lack of data in the NED; (7) projected separation of the companion in kpc, determined from the radial velocity V LG in the standard model with the Hubble parameter H 0 = 73 km/s/Mpc; (8) absolute magnitude of the 2MIG galaxy, corrected for the absorption in the Galaxy from Schlegel et al. [21] , (9) the logarithm of orbital mass of the "2MIG galaxy-companion" pair in solar masses, calculated according to [22] as M orb = (16/πG)∆V 2 R p , , where G is the gravitational constant; (10,11) the logarithm of the orbital mass-to-luminosity ratio in solar units, in B and K s -bands, respectively.
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The distribution of 125 2MIG-galaxies with faint companions is presented in equatorial coordinates in Fig. 1 . Elliptical and lenticular 2MIG galaxies (T ≤ 0) are marked by solid circles, while the spiral galaxies are marked by triangles. Compared with the general distribution of 3227 catalog galaxies, the 2MIG galaxies with companions reveal a more heterogeneous distribution in the sky, which is to a large extent caused by the presence of the Galactic absorption belt, as well as the geometric features of the SDSS and other spectral surveys. This map reveals some evidence of association of 2MIG galaxies with companions into multiple systems.
It should be noted that the relative number of 2MIG galaxies with faint companions is less than 4%. If we assume that the main contribution to this number is given by the SDSS survey, then the total relative number of such galaxies in the 2MIG catalog may make up about 15%, indicating a fairly high efficiency of the applied isolation criterion.
SOME PROPERTIES OF ISOLATED GALAXY-COMPANION PAIRS
The distribution of 214 2MIG galaxy-companion pairs by the radial velocity difference and projected linear separation is presented in Fig. 2 . Spiral 2MIG galaxies are marked with triangles, and E and S0 galaxies -with circles. Vertical bars indicate the mean square error of the velocity difference. Radial velocities of the companions relative to the main galaxy are distributed quite symmetrically with the mean of V sat − V 2M IG = +11 ± 13 km/s, and a standard deviation of 187 km/s.
The velocity dispersion of companions to elliptical galaxies is somewhat greater than that of the spiral galaxies. The medians of the difference modulus are 205 and 130 km/s, respectively. A small contribution in this discrepancy is made by higher values of the velocity measurement errors in the E and S0 galaxies. The nature of companion distribution by the projected separations R p looks almost uniform in the range of 0-500 kpc, varying distinctly from the dependence N(R p ) ∝ R −1.7 p , obtained in [7] . This may indicate the presence of a significant fraction of fictitious companions at the separations of R p > 300 kpc, which were formed by the members of diffuse filaments and other elements of the large-scale structure. Figure 3 shows the relation between the apparent B-magnitude difference of the given companion and the main galaxy, and the projected separation between them. As expected, there is a noticeable trend of the decreasing difference of values with increasing projected separation of the companion due to the 2MIG galaxy isolation selection conditions. On the average, the companions are approximately 3.5 m , or 25 times fainter than the 2MIG galaxies, and this difference is somewhat greater for the E and S0 galaxies (circles) than for the spiral ones (triangles).
If the 2MIG galaxy companions are subject to Keplerian motions, their relative radial velocities should correlate with the luminosity of the main component of the pair. Figure 4 presents the distribution of 2MIG galaxy-companion pairs by the radial velocity difference modulus and the absolute B-magnitude of the main galaxy, separately for the companions around the elliptical (E, S0) and spiral 2MIG galaxies. The slope of linear regressions in the figure shows the presence of a weak expected trend for the E and S0 galaxies, and a lack of a significant correlation for spiral galaxies. Note that the overwhelming majority of 2MIG galaxies with companions are the objects of high luminosity with the median absolute magnitudes of -20.3 (S) and -20.4 (E, S0).
An important dynamic characteristic of 2MIG galaxies with companions is an estimate of their orbital mass
where e is the eccentricity of companion's orbit [23] . Following [22] , for an ensemble of pairs we have adopted as an average the value of e 2 = 1/2. This estimate will be statistically unbiased only at zero measurement errors σ V of galaxy radial velocities. As we can see from column (5) of the Table, the errors are quite significant for many companions. The distribution of 2MIG galaxies with companions by the difference of radial velocities and projected linear separations. 2MIG galaxies of early types are marked with circles, spiral galaxies -with triangles.
Therefore, in addition to M orb , we calculated for each pair an unbiased estimate of orbital mass In general, if we account for the velocity measurement errors for an ensemble of 2MIG companions with the mean square velocity difference of 187 km/s and the mean square difference error of 62 km/s, it will reduce the mean estimate of the orbital mass by 16%.
The distribution of orbital mass estimates, normalized for the blue (B-band) and infrared (K s -band) luminosity is illustrated in Fig. 6 . The subsample of E and S0 galaxies in it is shaded. We have neglected the luminosity of 2MIG companion galaxies. It follows from these data that the median ratio of the orbital mass to the B-luminosity in the E and S0 galaxies is twice higher than that in the spirals. In the K s -band this difference increases up to 3.7. The reason for this is the abundance among the 2MIG galaxies of spiral galaxies, seen nearly edge-on. Internal absorption of light in them, which we have not considered, reaches ∆m B ≃ 1 m . Therefore, we believe that the 3-4-fold difference between the median values of M orb /L K for elliptical and spiral galaxies is more realistic. However, this effect can also be caused by the photometric feature of the 2MASS survey, which underestimates the luminosity of the peripheral regions of galactic disks.
DISCUSSION
The orbital mass-to-luminosity ratio for 2MIG galaxies with companions ( Fig. 6 ) is distributed over a fairly wide range, covering approximately 5 orders of magnitude. The shape of the left wing of the distribution is affected by the projection factors, as well as by the anticipated nature of the companions motion (the function of their orbit eccentricities). At the right wing of the distribution, in the range of 
The statistics of virial masses in the systems of galaxies of various scales in the near (V LG < 3500 km/s) Universe reveals [24] [25] [26] that the median value of M vir /L K is 11M ⊙ /L ⊙ , 15M ⊙ /L ⊙ and 31M ⊙ /L ⊙ for pairs, triplets, and groups of galaxies, respectively, which is significantly below the mean global ratio of about ∼ 100M ⊙ /L ⊙ . The median M orb /L K = 28M ⊙ /L ⊙ in our sample is almost identical with the median for groups of galaxies.
As we have already noted, the decrease in the number of 2MIG galaxy-companion pairs with the projected separation R p happens much slower than should by law, about R −1.7 p . The analysis of data from the Table and Fig. 1 reveals the presence of associations of 2MIG galaxies with companions, having similar positions in the sky and close radial velocities. The examples of such associations may be 2MIG 2 and 2MIG 13, 2MIG 239 and 243, 2MIG 1871 and 1873, 2MIG 1987 and 1997. Moreover, in the case of a system of companions around 2MIG 274 and 282, there exists an object LCRS B021927.3-414244, which falls in the interval of ∆V < 500 km/s and R p < 500 kpc with respect to both 2MIG galaxies. The statistics of 2MIG galaxies with k ≥ 5 number of companions can serve as indirect evidence of the presence of scattered associations. The Table has four such cases, whereas their expected number at the Poisson distribution should be several orders of magnitude smaller.
The presence of diffuse components of the large-scale structure of the universe (filaments, walls), even in the regions of very low matter density, does apparently make the problem of separation of physical and spurious companions of isolated galaxies very difficult. On the other hand, an example of a nearby isolated galaxy NGC 1156 and its dwarf companion AGES J030039+254656 indicates that the estimates of the orbital mass-to-K-luminosity ratio in these indisputably isolated pairs can reach values of around ∼ 200M ⊙ /L ⊙ .
CONCLUDING REMARKS
Analyzing the data on radial velocities and projected separations of galaxies in the vicinity of 2MIG Figure 4 : The module of radial velocity difference of a given 2MIG galaxy and its companion, depending on the absolute magnitude of the 2MIG-galaxy. The E and S0 galaxies are located in the left plot, and spiral galaxies -to the right. The distribution of 2MIG galaxies with companions by logarithm of the orbital mass-toluminosity ratio in the B (left) and K (right) bands. 2MIG galaxies of early types are shaded.
catalog objects, we conclude on a good dynamic isolation of the majority of catalog galaxies. According to our estimates, not more than 15% of 2MIG galaxies have small companions in their vicinities with relative velocities of ∆V < 500 km/s and projected separations of R p < 500 kpc. At the characteristic difference of apparent magnitudes of about 3.5 m , these companions have little influence on the evolution of 2MIG galaxies.
The median ratio of the orbital mass to the K-luminosity in isolated galaxies is 17M ⊙ /L ⊙ for spirals, and 63M ⊙ /L ⊙ for the E and S0 galaxies. These values can be somewhat inflated due to the presence of false companions from diffuse associations and filaments located in the regions of low galaxy number density in the 2MIG sample. The advent of new data from the surveys of galaxy radial velocities, carried out in the optical (SDSS) and radio (ALFALFA) ranges will certainly allow to explore the features of 2MIG galaxies in more detail. Table 1 : A list of 2MIG galaxies and their companions with ∆V < 500 km/s and R p < 500 kpc 
